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ABSTRACT 
Volatile organic compounds are a topic of interest for researchers in a 
variety of fields. These areas include the postmortem interval (PMI), cadaver 
dogs, postmortem toxicology, search and rescue, human scent as a biometric 
measure, human scent as an attractant to mosquitoes, and cancer biomarkers. In 
the research of volatile organic compounds associated with human 
decomposition, a number of methods and techniques are being used, which 
leads to inconsistencies in the compounds detected. The difficulty in the 
procurement of human tissues for research also adds to the inconsistencies and 
the limitations of current research. 
The domestic pig is often used as a substitute for human research 
because it has been determined to be the best model corpse. Due to the many 
restrictions associated with testing on human cadavers, pigs are often substituted 
because of their anatomical and physiological similarities to humans. 
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This study analyzed the volatile organic compounds associated with the 
decomposition of pig tissue as a model for the volatile · organic compounds 
associated with human decomposition. Heated passive headspace concentration 
with activated carbon as the adsorbent material followed by analysis with GC/MS 
was tested for its reliability in recovering and detecting volatile organic 
compounds of decomposition. The volatile organic compounds detected were 
examined for their applicability in determining the postmortem interval and for 
their use as cadaver dog training aids. The volatile organic compounds detected 
were compared to volatile organic compounds reported in the literature and 
examined to determine their reliability in using the domestic pig as a research 
model for humans. 
The results of this study demonstrated the need for a reliable, consistent 
method for analyzing volatile organic compounds associated with decomposition. 
It also demonstrated the need for procurement of human tissue for further 
research. The results of this research further demonstrated the variability 
surrounding the decomposition process and the difficulty in determining the 
postmortem interval based on the volatile organic compounds detected. This 
research corroborated that the compounds detected from decomposition are not 
unique or specific to human decomposition and exposes a number of areas that 
require further research and exposes aspects of current research that need to be 
reexamined. 
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I. Introduction 
1. Volatile Organic Compounds 
Volatile organic compounds (VOCs) are carbon containing compounds 
that readily evaporate as gases into the atmosphere from certain solids or liquids 
under normal indoor pressure and temperature conditions. 19•20,32 The volatility of 
a compound is inversely proportional to its boiling point and directly proportional 
to its vapor pressure, therefore a compound is more volatile, or evaporates more 
readily into the atmosphere if it has a lower boiling point and a higher vapor 
pressure. 19-21 Esters are an example of an organic molecule that as they 
evaporate produce characteristic odors of fruits and flowers. Examples of esters, 
their structure and their characteristic odors can be found in table 1 .46 
Ester Structure Characteristic odor 
Ethyl isovalerate CH3 0 
H3C~O~CH3 
apple 
Isoamyl acetate 0 CH3 banana 
H3C)lO~CH3 
Linalyl acetate HsC--(0 lavender, sage 
H3C~ 
CH3 HsC .-:CH
2 
Table 1: Esters, their structures , and their characteristic odors. Images from 
www. sigmaaldrich. com 
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Just as esters are organic compounds that are responsible for the characteristic 
smells of fruits and flowers, volatile organic compounds are responsible for the 
unpleasant smells of body odor and decomposition. 
Research of volatile organic compounds has been conducted in several 
areas of science using a number of different methods. These areas include 
postmortem interval (PMI), cadaver dog training, postmortem toxicology, search 
and rescue, human scent as a biometric measure, human scent as an attractant 
to mosquitoes, and cancer biomarkers. 11•22-28•31 The methods employed include 
solid phase micro-extraction with gas chromatography and mass spectrometry 
(SPME-GC/MS), gas chromatography and mass spectrometry (GC/MS), gas 
chromatography and flame ionization detection (GC/FID), high performance 
liquid chromatography (HPLC), capillary electrophoresis with ultraviolet visible 
spectroscopy (CE-UV-VIS), triple sorbent traps with thermal desorption gas 
chromatography and mass spectrometry (TD-GC/MS), the scent transfer unit, 
and ninhydrin reagent. 27• 28 Volatile organic compounds have been shown to be a 
promising means of measurement for many scientific applications. 
2. Volatile Organic Compounds and the Postmortem Interval 
One of the most important questions in any medicolegal death 
investigation is the time since death, also known as the postmortem interval. For 
years research has been conducted in the area of the postmortem interval in 
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hopes of developing a method that can be used to pinpoint the time of death.29 
Due to the number of variables surrounding the decomposition process, it has 
always been difficult to research. Some of these variables include temperature, 
access to insects and scavengers, burial environment and depth, trauma, body 
size and weight, clothing, and surface placement. 1· 39 Studying the effect of a 
single variable would not take into account the interaction between variables and 
their collective effect on the postmortem interval. Information gathered from a 
collection of techniques is typically used to determine a postmortem interval 
range. Several techniques have been used to determine the postmortem interval 
including the analysis of the vitreous humor and forensic entomology. The 
analysis of the vitreous humor for potassium ions was first reported by FA. Jaffe 
in 1962. Forensic entomology, a more recent concept, involves the identification 
of arthropods in connection with their sequential arrival times on a corpse and the 
developmental timetables of their offspring. It is a growing field in forensics, 
which has had success in closely determining the time of death, but it still has its 
limitations.30 As the postmortem interval increases, the accuracy of calculating it 
decreases, which is why it is important to develop a reliable method for 
determining it. 
In theory, volatile organic compounds could be used to determine a 
postmortem interval range. A vertebrate is a complex structure of interacting 
compounds. Some structural and functional features like muscle contraction, 
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phospholipids in cell membranes, actin and myosin in muscle cells, or collagen in 
bones are constant in all vertebrates. 12 It is speculated that in decomposition 
large biomolecules of carbohydrates, proteins and lipids that are constant in all 
vertebrates are broken down into their basic component compounds and the rate 
of this process and the presence of the volatile organic compounds produced 
may be used as a measure of the postmortem interval.25 However, the variability 
that is associated with the decomposition process will be reflected in the volatile 
organic compounds that are produced. 
The body composition is approximately 64% water, 20% protein, 10% fat, 
5% minerals, and 1% carbohydrate.4 Genetic makeup and diet have a direct 
effect on the chemical composition of a vertebrate. An individual's body 
percentage of proteins, fats, and carbohydrates will affect the volatile organic 
compounds that are produced; therefore a large proportion of the decomposition 
products should reflect the amount of protein and fat contents of the original 
body. 4, s. 2s 
3.Volatile Organic Compounds and Cadaver Dogs 
One fact that can be agreed upon by many is that dogs (Canis lupus 
familiaris) have been part of human history for thousands of years. The date and 
origin of domestication are unknown but skeletal remains of up to 14,000 years 
old have been shown to be similar to the make up of the modern dog.34 For 
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thousands of years domesticated dogs have been of great use to humans in 
hunting, companionship, rescuing, herding, hauling, and guarding, therefore it is 
not surprising that dogs are used for a variety of tasks today. Federal, state, and 
local government agencies employ specially trained dogs in a variety of fields. 
They have a place in search and rescue, military work, human remains detection, 
explosive detection, drug detection, cancer detection, diabetes and epilepsy 
service dogs, and therapy dogs.11· 35 Most of their work is based on their primary 
sense, their incredible sense of smell, also known as olfaction. A dog's sense of 
smell is said to be a thousand times more sensitive than that of humans. A dog 
has more than 220 million olfactory receptors in its nose, while humans have only 
5 million.35 
The history of using scent-discriminating canines in the United States is 
extensive. In the criminal justice system, positive scent matches for drugs, 
explosives, human remains, etc. are routinely accepted and can be admitted as 
evidence provided that additional evidence corroborates the canine's response. 28 
While detector dogs are still widely used, their reliability has increasingly come 
into question in courts of law and in the mass media due to limited peer-reviewed 
research on error rates and a lack of best practice procedures for the certification 
and maintenance of detection teams.11 ,33,36-38.41 57,58 
Legal challenges to the use of detector dogs have been widely publicized. 
In the late 1980s and 1990s, reports published that a majority of currency in 
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circulation, including the United States and Canada, is contaminated with trace 
levels of cocaine. Since there were no peer-reviewed publications demonstrating 
the detection threshold of detection dogs to cocaine, courts found that the alert of 
a detection dog to currency was not sufficient probable cause to warrant 
forfeiture with connection to narcotics.57 In 1999 a man was convicted of rape 
after a detector dog identified him in a scent lineup. Three months later the 
conviction was overturned after DNA evidence proved his innocence and the true 
rapist was apprehended. 59 A third widely publicized legal challenge to the use of 
cadaver dogs occurred in 2002. Sandra Anderson, a cadaver dog trainer, was 
charged by the FBI with obstructing an investigation after she was found planting 
human remains for her detection dog to "find". Up to fifty cases in which Sandra 
Anderson was involved had to be re-evaluated. 59 
Detector dogs are still an invaluable resource to law enforcement. Recent 
standardization efforts by the Scientific Working Group on Dog and Orthogonal 
detection Guidelines (SWGDOG) are underway to improve the scientific 
foundation of detector dog teams. Further research is necessary to improve the 
reliability of detector dogs. Research topics as proposed by SWGDOG include 
identification of target odorants associated with narcotics, explosives, and human 
remains, determination of detection thresholds, comparison of detectors dogs 
and electronic noses, dog performance including environmental variables, 
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behavior variables, and trainer and handler variables, and the presentation of 
evidence of court. 58 
4. Decomposition 
Decomposition is the natural process that a body undergoes after death 
which results in the release of the chemical components of the body through 
autolysis and putrefaction_? The major stages of decomposition involve complex 
reactions which result in the chemical breakdown of the body's main 
constituents; lipids, proteins, and carbohydrates. As decomposition progresses, 
these macromolecules are degraded to their structural monomers including 
amino acids, fatty acids, and glucose. 15· 27 The postmortem changes can begin 
almost immediately after death and are influenced by the environment 
surrounding the body as well as the conditions of the body itself. The 
environment surrounding the body will include the air temperature, the type of 
surface the body is resting on, the application of artificial heat or cold, whether 
the body is interred in a coffin, buried in soil, partially or fully submerged in water, 
the availability of the body to insects or scavengers, and a number of other 
environmental conditions. The conditions of the body itself that could affect the 
decomposition process includes afflicted wounds, the presence or absence of 
clothing, sepsis, toxicity, obesity or anorexia, as well as a number of other 
conditions. 1· 6· 39 Decomposition is a highly variable , dynamic process that begins 
7 
at the time of death and continues until all components have been recycled into 
the environment. Considering the number of variables that could alter the rate 
and route, decomposition may vary significantly for each individual. Scientific 
literature, in an attempt to clarify what occurs during the decomposition process, 
often proposes five or six general stages of decomposition: fresh decay, bloat, 
active decay, advanced decay, dry decay and skeletonisation.1-9, 13,27 
If the environmental conditions are right, decomposition begins almost 
immediately following the cessation of the heart which gradually depletes the 
body of oxygen.9·12·25 This gradual deprivation of oxygen causes an increase in 
carbon dioxide, a decrease in the body's pH, and the accumulation of 
wastes.4·11,1 2,i6,25 These chemical changes in the body's environment are not 
conducive to the cells and they begin to disintegrate in a process known as 
autolysis. Autolysis can literally be translated as "self disintegration". During 
autolysis the cells of the body are acted upon by the body's enzymes including 
lipases, proteases, and amylases. This causes them to degrade from the inside 
out.4,1i ,i 2,16,25 This stage of decomposition is also known as fresh decay. Fresh 
decay creates an ideal environment for anaerobic microorganisms that reside in 
the body's gastrointestinal tract.9 As the anaerobic microorganisms begin to use 
the body's resources for microbial growth, gases such as carbon dioxide, 
methane, ammonia, and hydrogen sulfide, as well as organic compounds are 
produced. The disintegration of the body's cells by autolysis along with the 
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microbial byproducts result in color change, skin slippage, odor and bloating of 
the body. This stage of decomposition is also known as "bloat" and it is the 
beginning of the second main decomposition process, putrefaction.2.4.9•11 ·16. 25,27 
Putrefaction can be characterized by the breakdown of the body's soft 
tissue by microbial action which alters the composition of the body into its basic 
constituents of carbohydrates, lipids, and proteins.3.4·10·11 ·8 As decomposition 
progresses, the body's soft tissue becomes liquefied in a process known as 
liquefaction.4 Liquefaction can be considered part of the advanced decay stage 
and at this point the body's macromolecules have been further broken down into 
simpler molecules. Ultimately the body will progress through liquefaction to dry 
decay where the soft tissues have completely disintegrated and all that remains 
is the skeleton and other tissues that are more resistant to the process of 
decomposition. These tissues include the epidermis, collagen and reticulin of 
connective tissue, keratin which comprises the hair and nails, and tissue of the 
teeth such as dentin.4 
With the completion of autolysis and putrefaction, skeletonisation is the 
final process of decomposition and can last for several years. Bone is composed 
of three main fractions: a protein fraction, a mineral fraction and an organic 
fraction. Bone goes through the complex process of diagenesis. Diagenesis is a 
process that alters the skeletal material over time by environmental exchange, 
deposition, adsorption, and bone leaching.4 •16 This slow process allows for the 
9 
persistence of skeletal material for hundreds or thousands of years. 
5. Microorganisms and Byproducts 
Microorganisms are a normal component of living humans and animals 
and play a vital role in their daily functions. Many anaerobic species such as 
Escherichia coli and Clostridium perfringens are present in the healthy intestines 
of humans.12 Staphylococcus aureus, some streptococcaceae, the yeast species 
Candida albicans and many other microbial species normally reside in the 
respiratory system of humans. 12 Shortly after death, the microorganisms disperse 
uncontrollably from their usual locations within the body and begin to use the 
resources available for microbial growth. Anaerobic microorganisms from the 
intestines migrate into the local tissues and gain access to the lymphatic system 
and the blood. Aerobic microorganisms that reside in the respiratory system 
deplete the tissues of oxygen, which in turn creates a more desirable 
environment for anaerobic microorganisms. As decomposition progresses, the 
microorganisms that are present change from a mixture of aerobic and anaerobic 
microorganisms to mostly anaerobic.2 The following species have been reported 
in literature as the major colonizers in corpses, Clostridium perfringens, 
Escherichia coli, Staphylococcus aureus, Streptococcus faecalis, Bacillus subtilis, 
as well as klebsiella, proteus, clostridium, enterobacteria, micrococcaceae, 
streptococci, and bacillus species.2 Microorganisms from the surrounding 
environment may also be introduced into the decomposition process, such as 
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clostridiaceae, staphylococcaceae, and enterobacteriaceae species which can 
inhabit the soil. Microorganisms are the main producers of volatile organic 
compounds, which arise from the byproducts of microbial metabolism. 12 The 
highest amounts of volatile organic compounds are produced as metabolic end 
products of anaerobic fermentation. 14 
Water, carbohydrates, amino acids, fats, and minerals are the main 
substrates for microbial growth. Microbial enzymes breakdown lipid, 
carbohydrate, and protein polymers into monomers of fatty acids, glycerol, 
monosaccharides, and amino acids.2 Carbohydrates such as glucose are the 
preferred energy source for many microorganisms and can be broken down into 
monomers by two different pathways.12 The breakdown of glucose yields 
pyruvate which can be fermented into ethanol, acetic acid, pyruvic acid, lactic 
acid, butanoic acid, propanoic acid , acetaldehyde, acetone, propanol, 
2-propanol, butanol and 1 ,3-butanediol by microorganisms and yeast. 12 Many 
clostridiaceae species such as Clostridium perfringens, ferment pyruvate formed 
from carbohydrates to acetone, ethanol, butanol, acetic acid, butanoic acid or 
1 ,3-butanediol. Enterobacteriaceae such as Escherichia coli, ferment pyruvate to 
lactic acid, succinic acid, acetic acid, formic acid and ethanol. 12 Klebsiella 
pneumoniae of the family enterobacteriaceae, is characterized by its use of 2,3-
butanediol fermentation for energy production. 2,3-Butanediol, lactic acid , acetic 
acid, formic acid and ethanol are the main byproducts of 2,3-butanediol 
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fermentation. 12 Propionibacteriaceae such as Propionibacterium acnes can 
ferment carbohydrates to propanoic acid and acetic acid.12 Fermentation of 
carbohydrates also produces gases such as methane, hydrogen sulfide, and 
ammonia. 10·12 The production of these gases inside the body cavity as 
putrefaction progresses stretches the epidermis and eventually causes it to tear, 
releasing the gases and producing an influx of oxygen which allows for 
recolonization by aerobic microorganisms to further the decomposition process. 
As microorganisms begin to exhaust the carbohydrates they start to consume 
other available substrates such as lipids and proteins.2·12 
Amino acids are the building blocks of proteins and they are the same in 
all vertebrates. 12 Proteins are enzymatically denatured in a process known as 
proteolysis into their basic components proteoses, peptones, polypeptides and 
amino acids. Amino acids may then undergo deamination, decarboxylation, or 
desulfhydration. 3·4 ·8 ·10•16 Sulfur compounds are common volatile organic 
compounds emitted from the breakdown of the sulfur containing amino acids 
cysteine, methionine, and cystine by microorganisms. Hydrogen sulfide, dimethyl 
sulfides, and methanethiol can be found as byproducts of microorganisms. 12 
Dimethyl sulfide is a product of methionine decomposition under aerobic 
conditions. Methanethiol is a product of methionine degradation and can lead to 
the formation of dimethyl disulfide during proteolysis or during analysis by gas 
chromatography. Methanethiol and dimethyl sulfide were found to be byproducts 
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of the metabolism of Hafnia alvei, Enterobacter agglomeran , Serratia 
liquefaciens, Alteromonas putrefaciens, and Aeromonas hydrophila.12 
Other byproducts of the breakdown of proteins include alcohols, carboxylic 
acids, diamines, and phenolic structures. 3 Cadaverine and putrescine, two 
compounds known to be associated with decomposition, are two decarboxylation 
byproducts of the amino acids lysine, arginine, and ornithine in which Escherichia 
coli is thought to play an important role.3.4·10·11 •12 Amino acids valine, leucine, 
isoleucine and threonine generate the byproducts 2-methylpropanol , propanol , 
2-methylbutanol, 3-methylbutanol, 3-methylbutanal, pentanol, 3-methylbutanoic 
acid , 2-methyl-1-butanol , and 3-methyl-1-butanol upon fermentation or 
degradation. For example, Staphylococcus xylosus and Staphylococcus 
starnosus transforme degrade leucine to 3-methyl-1 -butanol, 3-methylbutanal 
and 3-methylbutanoic acid. 12 Phenol, 2-phenylethanol , benzaldehyde, and 
ethylbenzene are byproducts of the degradation of phenylalanine by 
microorganisms such as Escherichia coli, Klebsiella pneumoniae, Enterococcus 
faecalis, and proteus species. Phenol can be further degraded under anaerobic, 
methanogenic conditions to hexanoic acid, cyclohexanol, cyclohexanone, 
butanoic acid, propanoic acid, hexanedioic acid, and acetic acid.12· 17 
Adipose tissue functions as the major storage site for the body's fat. The 
body's adipose tissue typically comprises 5-30% water, 2-3% proteins, and 60-
85% lipids, of which 90-99% are triglycerides.4·8 As other sources of energy for 
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microorganisms are depleted, triglycerides are readily available. Triglycerides are 
composed of one central backbone glycerol molecule attached to three fatty acid 
molecules which break down during decomposition to a glycerol molecule and 
three separate fatty acid molecules.4·8·10·12 Microbial degradation of glycerol 
results in the formation of pyruvate which upon further degradation yields 
butanol, butanoic acid, acetone, ethanol, propionic acid, acetic acid, formic acid, 
lactic acid, 1 ,3-propanediol, 1 ,2-propanediol, and 2,3-butanediol.12 Clostridiaceae 
species, for example, ferment pyruvate to acetone, ethanol, butanol, acetic acid, 
butanoic acid, or 1 ,3-butanediol. Escherichia coli produces propanol and 
propanoic acid from glycerol. 12 The fatty acids most commonly found include 
oleic acid, which is the most abundant of the unsaturated fatty acids in nature, 
palmitic acid, which comprises 20-30% of most animal fats, linoleic acid, stearic 
acid, which is the most common long-chain fatty acid in nature, myristic, 
palmitoleic, and vaccenic acid.10·18 Linoleic acid, upon oxidation, yields hexanol, 
2,4-decadienal, 3-nonenal, and propanal by microorganisms such as Clostridium 
perfringens or other pseudomonas, acinetobacter, and bacillus species. 12 Other 
fatty acids such as tetradecanoic acid (myristic), hexadecanoic acid (palmitic) 
and octadecanoic acid (stearic) can be produced in the early stages of 
decomposition under anaerobic conditions. 12 
There are several factors that can affect the byproducts produced by 
microorganisms. For individual microbial communities it depends upon the type 
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and amount of energy sources available. If there is a greater amount of fat tissue, 
for example, there will be a greater abundance of volatile organic compounds 
associated with the microbial breakdown of fat tissue. For microbial communities 
as a whole, it will depend upon whether the relationships between them are 
symbiotic or detrimental. Other factors include, but are not limited to the 
introduction of microorganisms from the surrounding environment, the presence 
of insects, and the temperature of the environment. 12 
6. The Utility of Pigs as a Human Model 
In many aspects of forensic science research, domestic pigs (Sus scrota 
domesticus) are routinely used as a substitute for humans.1 ,4,11, 39.40.42-45,55 In 
decomposition studies there is the difficulty of obtaining human bodies because 
of the ethical restrictions involved in the use of cadavers for research. There are 
also issues related to obtaining the number of bodies necessary for an extensive 
study, and the lack of adequate space for testing.1 Although many individuals are 
willing to donate their bodies to science, there is still negative public opinion 
surrounding the idea of using human corpses for forensic research. The 
University of Tennessee's Department of Anthropology Anthropological Research 
Facility is one of the only sites that is capable of conducting decomposition 
studies using human remains. 
The 50-pound domestic pig is viewed as the most promising "model 
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corpse" for teaching and research due to its similarity to humans in internal 
anatomy, fat distribution , size of chest cavity, biochemistry, physiology and lack of 
heavy fur. Pigs may also have similar intestinal microbial species to humans 
because of their omnivorous diet-39.45 Pig skin has also been shown to have 
similar histological and physiological properties to human skin.42 The pig has 
been used as a model for research in cardiovascular physiology, obesity, stress, 
dermatology, toxicology, immunology, hemodynamics, renal physiology, 
experimental surgery, gastroenteritis, diabetes, drug metabolism, and 
perinatology, as well as many aspects of nutrition.44 
Xenotransplantation is the use of tissues or organs of a different species 
for grafting or transplantation. Research in transplantation of pig tissues to 
humans has shown that the biological makeup of humans and pigs is very 
similar. 11 .43 It has been found that pig kidneys are similar to structure and size of 
human kidneys, the pig heart is anatomically similar to the human heart, pig 
livers could be suitable for transplantation to humans, and porcine insulin is 
functionally comparable to human insulin.43 It has previously been determined 
that pigs are similar to humans in dental characteristics, renal morphology and 
physiology, eye structure and visual acuity, skin morphology and physiology, 
cardiovascular anatomy and physiology, and digestive anatomy and 
physiology. 43 .44 
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7. Current Research 
Volatile organic compounds associated with decomposition represent a 
relatively new area of research. The majority of the research within this area is 
being conducted by Arpad Vass and colleagues at the University of Tennessee's 
Department of Anthropology Anthropological Research Facility. The research 
focus for Arpad Vass and colleagues has been to develop a method for 
determining the postmortem interval and to create a decomposition odor analysis 
database. 
A study conducted in 1992 analyzed soil samples for volatile fatty acids, 
anions, and cations liberated from soft tissue during decomposition to determine 
if there was a pattern that could be used to estimate the time since death. The 
volatile fatty acids were analyzed by gas chromatography with a flame ionization 
detector while the anions and cations were measured using a Nelson 3000 GC 
interface.29 
In 2002 a study was conducted to analyze specific tissues for biomarkers 
that could be used to determine the postmortem interval. Two derivitization 
methods were developed to analyze tissues including liver, brain, heart, kidney 
and muscle, for a series of amino acids and the presence of putrescine and 
cadaverine, two compounds known to be associated with human decomposition. 
The samples were analyzed by gas chromatography coupled with mass 
spectrometry. 25 
In 2004 a third study was conducted to develop the decompositional odor 
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analysis database and to generate a human decomposition "odor signature" for 
the use in cadaver dog training and the potential development of a field portable 
analytical instrument capable of detecting human remains. A system of triple 
sorbent traps (TSTs) was established to sample air from above, below, and at 
ground level of the decomposing remains. Triple sorbent traps are metal pipes 
filled with three different types of carbon material capable of adsorbing 
compounds in the air samples. The TSTs were thermally desorbed by a modified 
gas chromatograph capable of sample introduction directly from the desorption 
process. Two different techniques of cryofocusing were also examined in the 
2004 study. Cryofocusing is a technique that condenses an injected sample onto 
a cold surface before it is analyzed on the gas chromatograph. It is used to 
increase sensitivity and resolution of the compounds detected.38 
In 2008, the Federal Bureau of Investigation (FBI) funded research into 
the expansion of the decompositional odor analysis database. This study 
attempted to expand on the previous decomposition odor analysis database by 
listing and ranking the compounds associated with human decomposition at the 
soil surface. Triple sorbent traps were used to sample air at the ground surface 
during decomposition. The TSTs were thermally desorbed and the samples were 
analyzed by cryofocusing followed by gas chromatography coupled with mass 
spectrometry. A separate study involving the sampling of bone vapor was also 
conducted on samples of human, pig, dog, and deer skeletonized remains. 
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Bones were sealed in Tedlar bags and the headspace was analyzed using triple 
sorbent traps. The objective was to determine the volatile compounds associated 
with skeletonized remains. 37 
The most recent research is an article by Arpad Vass published in the 
January 2011 volume of Forensic Science International. Two formulas were 
presented based on the previous research to calculate the postmortem interval in 
aerobic and anaerobic conditions (surface or burial decomposition). Based on 
three primary factors in human decomposition, temperature, moisture, and the 
partial pressure of oxygen, these formulas are meant to provide an investigation 
with a preliminary postmortem interval without laboratory workY 
The research by Arpad Vass and colleagues conducted over a span of 
twenty years has provided information to the chemistry of human decomposition. 
According to Vass, the 1992 study established that it takes a human cadaver 
1285 +/-11 0 accumulated degree days to become skeletonised in an 
environment comparable to Tennessee's and it is at this point that volatile fatty 
acids cease to be produced. Accumulated degree days (ADD) is determined by 
adding the average temperature of each day in degrees Celsius for the duration 
of decomposition.29 It was determined that human remains produce the same 
ratio of the volatile fatty acids propionic, butyric, and valerie at any given ADD. It 
was also shown that human remains will produce the same ratios of sodium, 
chloride, potassium, ammonium, ionized calcium, magnesium, and sulfate at any 
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given ADD. According to Vass, both the volatile fatty acids and ions will produce 
a range of ADD that can be used to estimate the time since death.29 
In the 2002 study analyzing biomarkers from specific tissues, it was 
established, according to Vass, that certain biomarkers are capable of being 
used to estimate a postmortem interval, particularly glycolic acid. It was also 
discovered that cadaverine and putrescine, originally thought to hold promise as 
useful · biomarkers in determining a postmortem interval, were not. In this study, 
accumulated degree days was determined to be no longer sufficient in accurately 
describing the postmortem interval. Instead, cumulative degree hours (CDH) was 
adopted. CDH is based on a twelve-hour cycle where the average temperature at 
each twelve hour period is added together for the duration of decomposition . This 
was adopted to account for a narrowing postmortem interval range. A "CDH road 
map" was established for each tissue type and biomarker to be used to 
determine a CDH range, which could in turn be used to estimate a postmortem 
interval.25 
The 2004 study to generate a decomposition odor analysis database 
resulted in identifying 424 specific volatile compounds from the human 
decomposition process, according to Vass. Burial accumulated degree days 
(BADD) was used to estimate a postmortem interval based on the days at which 
certain compounds become liberated at ground surface. BADD are calculated in 
the same manner as ADD, except the average temperature used is that of the 
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burial environment instead of the air temperature. The article admits that there 
were many variables to consider and that burial decomposition was more 
complex than originally thought.38 
In the 2008 study, which was an expansion of the decomposition odor 
analysis database, 4 78 compounds were detected as volatile or semi-volatile 
compounds liberated from human decomposition. Of those compounds, 30 were 
determined to be key markers of human decomposition that are detectable at the 
soil surface. In the analysis of bone, 72 compounds were detected of which 12 
were determined to be key markers of burial decomposition.37 
8. Hypothesis 
One objective of this study is to determine if volatile organic compounds 
associated with the decomposition of pig tissue can be detected by means of 
heated passive headspace concentration with activated charcoal strips as the 
adsorbent medium. If volatile organic compounds are detected using this 
methodology, then the second objective is to determine if the domestic pig is a 
suitable replacement for researching the volatile organic compounds associated 
with human decomposition. In addition, to determine if the volatile organic 
compounds detected provide relevant information that can be applied to the 
areas of cadaver dog training and/or the postmortem interval. This will be 
accomplished by identifying the key volatile organic compounds detected, which 
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are reproducible and reliable. 
II. Experimental Design 
1. Solid Phase Microextraction 
Solid phase microextraction (SPME) with desorption by GC/MS is another 
method being used in a number of research areas to study volatile organic 
compounds. 22.48 Solid phase microextraction is a portable fiber coated with a 
stationary phase similar to the column in a gas chromatography system 
consisting of varying polar and non-polar properties. The fiber is exposed to the 
headspace of a sample and the volatile compounds adsorb to the fiber's 
stationary phase. The fiber is then desorbed in the injection port of a gas 
chromatograph (GC) and analyzed by the GC coupled with a detection system 
such as a mass spectrometer (MS) or flame ionization detector (FlO). 
SPME is a relatively new technique for the analysis of volatile organic 
compounds. Developed in 1990 by Janusz Pawliszyn, it has been successfully 
used in several areas of research.49 At the beginning of experimentation for this 
study, SPME was used but with limited success. It was discovered that the fiber 
was cumbersome to work with and it would not be a time or labor efficient means 
of testing a large number of samples in a restricted amount of time. It has been 
reported that the fiber may become overloaded with compounds because of its 
smaller surface area at which point it will not adsorb additional compounds. This 
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may result in certain compounds remaining undetected during analysis. With the 
limitations of SPME, heated passive headspace concentration with activated 
carbon was proposed as an alternative method for extraction. 
2. Heated Passive Headspace Concentration with Activated Carbon 
Heated passive headspace concentration with activated carbon as the 
adsorbent material is the most commonly employed method for concentrating 
ignitable liquid residues from forensic fire debris samples. It is commonly used 
because of its efficiency and sensitivity in extracting ignitable liquid residues. so 
Heated passive headspace concentration is the transient concentration of 
headspace vapors in a closed system onto an adsorbent medium. In this 
technique, activated carbon impregnated on a polymer strip is the adsorbent 
material with which the volatile organic compounds are continuously interacting. 
Activated carbon, interchangeably known as activated charcoal, is a good 
adsorbent medium because it is highly porous relative to its surface area. 
Activated carbon is used in several applications that demonstrate its use as a 
good adsorbent, for example in the emergency healthcare setting, activated 
charcoal is administered to adsorb poisons from the body limiting their toxic 
effects.51 
Heated passive headspace concentration with activated carbon is a 
procedure that allows for several samples to be analyzed at the same time and 
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certain parameters of the method can be optimized for the samples that need to 
be analyzed. In a pint-sized or quart-sized metal paint can, specifically used for 
the collection of forensic fire debris samples, an activated carbon strip is 
suspended in the headspace of the can. This allows for the continuous 
interaction of volatile organic compounds with the carbon strip. This apparatus is 
then placed into a temperature-controlled oven for a pre-determined amount of 
time. The carbon strip is then removed and placed into a vial containing a 
specific amount and type of solvent. The vial is mechanically rocked allowing the 
volatile organic compounds to be desorbed from the carbon strip into the solvent. 
The solvent is then analyzed by a GC/MS method developed specifically for the 
compounds of interest. 
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Figure 1: Simplified diagram of heated passive headspace concentration with activated carbon. 
Image source: Almira//, J. , Furton, K. Analysis and interpretation of fire scene evidence. Boca 
Raton: CRC Press LLC, 2004. 
3. Gas chromatography and Mass spectrometry 
Chromatography is a common technique used to separate mixtures into 
their individual components. By doing so, the individual components are capable 
of being identified and quantified. Qualitative data refers to that which is 
identified, and quantitated data refers to that which is expressed by a quantity or 
amount. Semi-quantitative data refers to that which is identified and is partially 
quantified but falls short of an exact amount. There are several forms of 
chromatography employed including thin layer chromatography, high 
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performance liquid chromatography, and gas chromatography. 
Gas chromatography consists of a mobile phase, an injection port, a 
column with a selected stationary phase, a temperature controlled oven, a 
detection system, and a data system. The main component of gas 
chromatography is a column held within a temperature-controlled oven which is 
lined with a specifically selected polymer stationary phase. The stationary phase 
is available in varying polarities and is selected based on the samples being 
analyzed. The mobile phase is an inert gas such as helium that flows through the 
column of the GC at a specified flow rate. A sample is introduced into the GC at 
the injection port and the sample is volatilized by flash vaporization . The 
components that make up the sample flow with the mobile phase and based on 
their chemical and physical properties may or may not interact with the stationary 
phase. It is based on this interaction of compounds with the stationary phase and 
the mobile phase that mixtures are separated into their individual components. 
As the compounds are separated and exit the column they enter the 
detection system of the GC. Several detector systems are available including the 
flame ionization detector (FID) and the mass spectrometer (MS). A mass 
spectrometer is commonly coupled with a gas chromatograph. The main 
components of a mass spectrometer are the sample inlet, the ion source, the 
mass analyzer, the detector, and the data system . Compounds that are exiting 
the column of the GC are introduced through the sample inlet into the ion source 
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of the MS where they become fragmented ions. Ions are charged particles that 
are capable of being separated by electrical fields. From the ion source, the 
ionized compound fragments are introduced into the mass analyzer, the most 
common being the quadrupole mass analyzer. 
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Figure 2: Schematic of mass spectrometry with a quadrupole mass analyzer. Image source: 
http:llwww.microbialcellfactories.com!content!6/1/6/figure/F4 
As the ions are separated by the mass analyzer, they reach the detector of 
the mass spectrometer which detects the mass to charge ratio electronically, 
typically by means of an electron multiplier. The information is presented as a 
mass spectrum. The mass spectrum displays the data for each individual ion 
fragment as relative abundance verses the mass to charge ratio. The abundance 
of each peak is relative to the most abundant peak for that ion. The collective 
data is displayed as a chromatogram. A chromatogram is shown as a series of 
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peaks plotted as relative abundance verses retention time. The tallest peak is 
arbitrarily assigned the most abundant peak and the abundance of all other 
peaks are in relation to that peak. The retention time is based on the amount of 
time the compound is retained, or held within the column. 
Ill. Method Development 
1. Materials 
Several materials were employed during the course of this study. These 
included pint-sized metal cans provided by BWAY Corporation, Phifer 
Incorporated silver gray fiberglass insect netting screen, Albrayco Technologies 
Inc activated carbon strips, Johnson & Johnson unwaxed unflavored floss, Office 
depot paperclips, Scotch Tough duct tape, Fisherbrand Finnpipette 100-1 OOOf.JI, 
3"x 6" polyethylene bags, Thermo Electron Corporation Econotherm Laboratory 
Oven, disposable sterile razors, mechanical rocker, a rubber mallet, paint can 
opener, forceps, black screw top vials, GC vials with inserts, and various forms of 
pig tissue. 
The solvents used in this study were provided by Acros Organics and 
included methyl alcohol, extra dry (99.9% purity), and n-pentane (99+% purity). 
Carbon disulfide (99.99% purity) used in the preliminary studies was provided by 
Fischer Scientific. 
All samples were analyzed on Agilent Technologies 7890A GC System 
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with a HP-5MS 30 meter capillary column coupled with Agilient Technologies 
5975C inert XL EI/CI MSD with "MSD Enhanced Chemstation G1701 EA E. 
02.00.493" software. 
2. Preliminary studies 
In current literature, heated passive headspace concentration with 
activated carbon has not been tested as a method for the analysis of volatile 
organic compounds associated with decomposition; therefore preliminary studies 
were conducted to determine the parameters that would generate suitable 
results. As a starting point, pieces of pig tissues including fat, skin, muscle and 
bone were analyzed by mimicking the techniques and methods used to analyze 
fire debris samples. Unweighted samples of pig tissues were placed into pint-
sized metal paint cans and placed outside to decompose for five days. Half of the 
cans were covered with lids and half were left uncovered to see the effect of the 
exposure to air. After five days the samples were extracted by heated passive 
headspace concentration with an activated carbon strip and placed in the 
temperature-controlled oven at 70°C for approximately ten hours. The activated 
carbon strips were desorbed in 1 ml of carbon disulfide in a 4ml black screw top 
vial and rocked on a mechanical rocker for fifteen minutes. A portion of the 
solvent was transferred to a 2 ml GC vial with insert for analysis. The samples 
were analyzed by a fire debris method already programmed into the GC/MS. The 
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results of performing the analysis in this manner were !limited. From this 
preliminary study it was determined that a number of parameters needed to be 
changed to generate workable results. Parameters that were reexamined 
included the oven temperature, the adsorption time, the solvent type and amount, 
the carbon strip desorption time, and the GC/MS method. 
3. Solvent selection 
Carbon disulfide, one of the most commonly employed solvents for the 
analysis of fire debris samples, is an excellent desorption solvent for non-polar 
compounds, but has some associated health risks. It was proposed that one half 
of the carbon strip be desorbed in methanol and one half of the carbon strip be 
desorbed in pentane. Using both a polar (methanol) and non-polar (pentane) 
desorption solvent would optimize the chance of recovery of volatile organic 
compounds, and would eliminate the health risks associated with carbon 
disulfide. No significant compounds were detected by the preliminary studies and 
the relative abundance was less than 1000 as reflected on the y-axis, which 
relates to poor recovery or detection. Therefore it was proposed that the amount 
of desorption solvent be decreased significantly. The original 1 ml of solvent 
could potentially be diluting the compounds to the point that they were not being 
detected. The amount of solvent was decreased from 1 ml to 250 j.JI. 
When samples were analyzed using the new desorption solvent volume 
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the amount was not enough to completely fill the GC vial inserts. Therefore, the 
solvent amount for each half carbon strip was increased from 250 J.JI to 450 J.JI, 
which was still a reduction by more than half the original amount. The GC vial 
inserts have a volume of 400 J.JI, therefore the 450 J.JI was adequate for filling the 
GC vial insert and allowed for possible solvent loss during the desorption process 
and the transfer between vials. 
With the reduction of solvent by more than half the original volume, the 
4 ml vials were inadequate for the desorption process. With less solvent the 
interaction between the solvent and the carbon strip was minimized which could 
potentially affect desorption of the compounds from the carbon strip. Instead, 2ml 
vials were used to allow for greater interaction between the carbon strip and the 
desorption solvent. 
4. GC/MS method 
The GC/MS "firedebris" method used in the preliminary studies has been 
optimized for the recovery of ignitable liquid residues and should therefore not be 
expected to be a method suited for the analysis of volatile organic compounds. 
Gas chromatography coupled with mass spectrometry is a technique employed 
in the majority of current research involving the detection of volatile organic 
compounds, therefore GC/MS parameters from the literature were used as a 
baseline for an optimized GC/MS method. 
31 
In analyzing for unknown compounds, the GC/MS parameters should not 
be too specific, in order to allow for detection of lighter as well as heavier 
molecular weight compounds. The GC/MS method can be altered to be more 
specific once compounds are identified. Injection volume, split/splitless mode, run 
time, and scan mode can all be used to allow for a greater concentration of 
sample being analyzed and a wider range of compounds being identified. In the 
literature, the GC/MS methods employed in itiated at a lower oven temperature 
around 40°C followed by a steady temperature ramp to a maximum temperature 
around 250°C or 300°C. This generated a run time of approximately 30 minutes. 
The injection port temperature was typically 250°C. 
For this research two GC/MS methods were employed. One method was 
originally used to analyze both the methanol and pentane extractions. Following 
the analysis of several samples that were desorbed in pentane, it was 
determined that a shorter run time would suffice because no compounds were 
detected in the pentane extracts after 15 minutes. The optimized GC/MS 
methods are presented in table 1 as based on research reported in the literature, 
as well as the research conducted in this study. 
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parameters methanol pentane 
oven program 40°C hold for 5 min, then 40°C hold for 3 min, then 
1 ooc/min to 120°C hold for 0 15°C/min to 120oc hold for 0 
min, then 12oC/min to 260oc min, then 20°C/min to 260°C 
hold for 5 min hold for 3 min 
run time 29.667 minutes 18.333 minutes 
injection port temperature 250oC 250oC 
split/ splitless mode splitless splitless 
scan mode 30-500 30-500 
injection volume 2(..11 2(..11 
Table 2: Optimized GC/MS parameters for use with methanol solvent desorption or pentane 
solvent desorption 
5. Sample selection 
To gain a basic understanding of the volatile organic compounds 
associated with decomposition, pig fat, skin, and muscle tissue were chosen to 
be analyzed separately as well as in combination. In the preliminary studies, pig 
bone samples were analyzed as a fourth tissue, however the bone was unable to 
be manipulated into smaller pieces of equal weights and it was unable to be 
cleaned entirely of tissue. Therefore bone was not included as a fourth tissue. 
The pig tissue was acquired from the local grocer in the forms of pork 
hocks, pork feet, pork fat, pork skin, and pork shoulder. For each analysis 
conducted portions of equal weight were sectioned and placed in appropriately 
labeled pint-sized metal paint cans. Each analysis of pig fat, skin, muscle and 
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combined tissues was analyzed in triplicate to assess the precision of the 
analysis. Pint-sized metal paint cans were chosen over quart-sized metal paint 
cans in an effort to increase recovery of volatile organic compounds by 
decreasing the headspace volume, thereby increasing the interaction between 
the volatile organic compounds and the carbon strip. 
6. Adsorption time study 
Adsorption time is the amount of time the activated carbon is exposed to 
the sample headspace.50 In fire debris analysis the activated carbon is typically 
exposed to the sample headspace in a temperature-controlled oven for twelve to 
sixteen hours at a constant temperature between 60°C-80°C. The temperature 
needs to be high enough to allow for volatilization of heavier compounds but not 
too high to generate steam in the presence of water or to allow for the desorption 
of lighter compounds from the carbon strip. 5° 
For this research, a study was conducted to determine the adsorption time 
that would produce the greatest number of detectable compounds in the analysis 
of pig tissue. 80°C was used as a starting oven temperature. Approximately 10 
grams of combined pig fat, skin, and muscle tissues was placed into a pint-sized 
metal paint can. This was replicated six times. The six cans were set up 
according to the previously mentioned configuration for analysis by heated 
passive headspace concentration with activated carbon. The six cans were 
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placed into a temperature-controlled oven at 80°C. After 1.5 hours, one can was 
removed from the oven and subsequently analyzed. The same was done after 3 
hours, 6 hours, 8 hours, 12 hours and 24 hours. As the cans were removed from 
the oven they were allowed to cool. The carbon strip was removed, cut in half 
using a sterile disposable razor, and one half of the carbon strip was placed into 
a 2 ml GC vial containing 4501-JI pentane, and one half of the carbon strip was 
placed into a 2 ml GC vial containing 4501-JI methanol. The carbon strips were 
allowed to desorb in the solvents for fifteen minutes on a mechanical rocker. A 
portion of the solvent extraction was transferred to a GC vial and subsequently 
analyzed by the optimized GC/MS method. 
IV. Experimental Design 
1. Decomposition Study 
A decomposition study spanning two weeks was conducted. This time 
span was chosen based on decomposition studies conducted by the Boston 
University Forensic Anthropology Department during the fall of 2011. In their 
studies, pigs were placed outdoors and allowed to decompose naturally without 
scavenger access. At two weeks a majority of the body's tissue was decomposed 
leaving only the resilient tissue including the teeth, bones, and some skin. The 
two week decomposition study was then divided into separate studies of 
analyzing fresh tissue (no decomposition), and analyzing decomposed tissue 
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after one and a half days, three days, five days, seven days, and fourteen days. 
For each separate study the set up of the samples was consistent. 
Approximately 10 grams of each type of tissue, pig skin, fat, muscle, and 1 0 
grams of the three tissues combined, was placed into individual pint-sized metal 
paint cans. The samples were analyzed in triplicate. Collectively the twelve cans 
were wrapped in fiberglass insect netting and placed outside on a cement patio 
with an over hanging balcony. The samples were open to the air but were 
protected from insect activity and scavenging. The cans were dated and marked 
with the tissue type, and remained outside to decompose for the specified 
number of days. Minimum, maximum, and average daily temperature data was 
obtained from the Boston University total weather station . 
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Figure 3: Diagram of sample set up for each decomposition study. Three cans each of 
approximately 10 grams (g) of each tissue type. F = pork fat, S = pork skin , M = pork muscle, A= 
all three tissues combined. 
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After the allotted time for each decomposition study the samples were 
sealed shut with the corresponding lids. When the samples were analyzed they 
were configured with the carbon strip in the manner previously described and the 
samples were placed into the temperature-controlled oven at sooc for the 
amount of time determined by the adsorption study. After the specific amount of 
time elapsed, the carbon strips were desorbed for fifteen minutes; one half of the 
strip was desorbed in 4501JI pentane and one half of the strip was desorbed in 
4501JI methanol. The desorption solvent extracts were then transferred to GC 
vials and analyzed by the optimized GC/MS method. After initially analyzing the 
pentane extracts by the optimized GC/MS method, it was determined that a 
shorter run time could be used and the remainder of the pentane extracts were 
analyzed by the adjusted GC/MS method. 
2. Soil Study 
An additional soil study was conducted to determine if volatile organic 
compounds could be recovered from tissue within soil. Six pint-sized metal paint 
cans were filled half way with soil obtained from the outdoors. Approximately 10 
grams of combined pig fat, skin, and muscle tissue was placed in the can and 
was covered with soil so there was no visible tissue. The cans were allowed to 
decompose in the same manner as the decomposition study. Three of the cans 
were brought inside after seven days and the remaining three were brought 
37 
inside after fourteen days. The samples were sealed shut with the corresponding 
lids and were analyzed by the same methodology as the decomposition study 
samples. A soil blank was analyzed in the same manner as the samples. 
3. Polyethylene Bag and Duct Tape Study 
An additional study was conducted to determine if volatile organic 
compounds could be recovered from tissue wrapped in a polyethylene bag and 
sealed with duct tape. Approximately 10 grams ·Of combined pig fat, skin and 
muscle tissue was placed into a 3" x 6" polyethylene bag that was enclosed on 
three sides. A strip of duct tape was used to seal the opening on the fourth side. 
The sample was then placed into a pint-sized metal paint can. Six cans were set 
up in this manner and allowed to decompose in the same fashion as the 
decomposition study. After seven days three of the cans were brought inside and 
the remaining three were brought inside after fourteen days. The pint-sized metal 
paint cans were sealed with the corresponding lids and were analyzed in the 
same manner as the samples in the decomposition study. A blank sample of the 
polyethylene bag sealed with duct tape was analyzed in the same manner as the 
samples. 
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V. Experimental results 
1. Data Interpretation 
Each study conducted was analyzed in triplicate. The resulting 
chromatograms were processed using the MSD enhanced chemstation software 
which provided compound matches through the National Institute of Standards 
and Technology (NIST) mass spectrum library. Each chromatogram was 
processed individually by performing searches on the peaks present. 
Compounds were determined based on a 75% or greater probability match , or if 
the compounds were identified in each triplicate sample. For each compound 
identified, the corresponding peak was manually integrated for the peak area. An 
average peak area was calculated from the values obtained for the triplicate 
studies. The average peak areas were used to interpret trends among the 
decomposition studies and to interpret the relative abundance of each compound 
as compared to other compounds. The peak areas were not used to assign 
quantitative data to the compounds recovered. 
Several compounds were identified, however not all compounds 
recovered were included in the interpretation of the volatile organic compounds 
associated with decomposition of each tissue. All the compounds detected were 
recovered from the methanol extractions. The pentane extractions did not 
recover any additional compounds, and in some analyses no compounds were 
detected. Several compounds were identified by a probability match greater than 
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75% but were only identified in one of the triplicate samples. Therefore, even 
though those compounds may have been associated with the decomposition of 
pig tissue, it was not with enough reliability to consider it a compound that can be 
applied for purposes of cadaver dog training, or for the determination of the 
postmortem interval. For compounds to be considered reliable and reproducible, 
and in order to determine a potential trend, they should be detected consistently 
in at least two of the three triplicate samples, and from at least two of the 
individual decomposition studies. Any compounds that were detected in the 
negative controls were not included as volatile organic compounds of 
decomposition. 
2. Adsorption Time Study 
Results from the adsorption time study are presented in table 1. The total 
number of compounds detected from each adsorption time are listed, revealing 
twenty-hours to be the most successful adsorption time. 
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Adsorption Time (hours) Total Number of All 
Compounds Recovered 
1.5 3 
3 7 
6 9 
8 13 
12 16 
24 20 
Table 3: Total number of all compounds detected from each specific adsorption time 
In figure 4, the single compound pentanol is depicted to demonstrate the 
difference in detection between the adsorption studies and to show that the 
compounds were detected in the greatest relative abundance after an adsorption 
time of 24 hours. 
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Figure 4: A representation using the compound pentanol to depict the increase in relative 
abundance of all compounds detected over the adsorption time studies. 
3. Decomposition Compounds 
3.1. Pig Fat 
Forty-one compounds were detected in the analysis of decomposing pig 
fat. Of the forty-one compounds, twenty-three were determined to be associated 
with the decomposition of pig fat pased on the data interpretation criteria. The 
twenty-three compounds detected represent three chemical families, alcohols, 
aldehydes, and carboxylic acids. These compounds have been reported in 
several other studies involving volatile organic compounds associated with 
decomposition_2, 3, a, 10-12,16,21 , 29 , 32,3~.41 
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Figure 5: Chromatogram of pig fat, zero days decomposition. 
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alcohols aldehydes carboxylic acids 
pentanol hexanal pentanoic acid 
hexanol 2-hexenal hexanoic acid 
heptanol heptanal heptanoic acid 
2,3-Butanediol 2-heptenal octanoic acid 
1-octen-3-ol octanal decanoic acid 
octanol 2-octenal 
2,4-dimethyl nonanal 
cyclohexanol 
2-nonenal 
2-decenal 
2,4-decadienal 
2-undecenal 
Table 4: Twenty-three compounds associated with decomposition of pig fat 
The volatile fatty acids valerie (pentanoic acid), caproic (hexanoic acid), enanthic 
(heptanoic acid), caprylic (octanoic acid), and capric (decanoic acid) are volatile 
organic compounds that would be expected to be associated with the 
decomposition of pig fat. The origins of these volatile fatty acids can be explained 
as the byproducts of microbial action, lipolysis, or lipid autoxidation. Alcohols and 
aldehydes are also the byproducts of microbial action or lipid autoxidation. Lipid 
autoxidation is the action of oxygen upon lipids causing the breakdown of 
triglycerides through a free radical process, which cleaves the double bonds of 
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unsaturated fatty acids. The production of byproducts including aldehydes and 
ketones are responsible for food rancidity.12,52 
2,3-Butanediol is a common product of microbial glucose fermentation by 
Klebsiella oxytoca, as well as Bacillus subtilis, Aeromonas hydrophilia, and 
several species of serratia. It exists in three isomeric forms, dextro-, levo-, and 
meso- forms, all of which can be seen as decomposition products. Typically two 
isomers are seen as microbial byproducts, however only one isomer was 
detected from pig fat.53 
Pentanol has been reported in the literature as a byproduct of the 
microbial breakdown of the amino acids threonine, leucine, isoleucine, and 
valine. Octanol and 1-octen-3-ol has been reported in the literature to be a 
microbial breakdown product of linoleic acid (octadecanoic acid), which is an 
essential fatty acid component of cell membranes. 12 
3.2. Pig Skin 
Fifty-four compounds were detected from the analysis of decomposing pig 
skin, of which twenty-two compounds were determined to be associated with 
decomposition based on the data interpretation criteria. The twenty-two 
compounds detected represent four chemical families, alcohols, aldehydes, 
carboxylic acids, and amides. Eighteen of the twenty-two compounds were also 
identified in the decomposition of pig fat. 
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Figure 6: Chromatogram of pig skin, zero days decomposition. 
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alcohols aldehydes carboxylic acids am ides 
pentanol hexanal 3-methyl butanoic octanamide 
acid 
2,3-Butanediol 2-heptenal pentanoic acid 
hexanol nonanal hexanoic acid 
heptanol 2-nonenal heptanoic acid 
1-octen-3-ol heptanal octanoic acid 
octanol octanal nonanoic acid 
decanoic acid 
tetradecanoic acid 
hexadecanoic acid 
Table 5: Twenty-two compounds associated with decomposition of pork skin 
In figure 5, nonanal is used to represent the compounds common to pig fat and 
pig skin and their increased detection in the decomposition of pig fat. Skin is 
composed of three layers: the epidermis, the dermis and the subcutaneous fat 
layer. 54 The recovery of compounds from pig skin that are also found in pig fat is 
most likely associated with the subcutaneous fat layer rather than with the skin 
tissue itself. The four compounds recovered from pig skin that were not 
recovered from pig fat were two long chain volatile fatty acids, myristic acid 
(tetradecanoic acid) and palmitic acid (hexadecanoic acid), one short chain 
volatile fatty acid, isovaleric acid (3-methyl butanoic acid), and an amide, 
octanamide. 
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Figure 7: Comparison of average peak areas of the compound nonanal over the two week 
decomposition study as a representatitDn of compounds common to the decomposition of pig 
skin and pig fat. 
3.3. Pig Muscle 
Sixty-six compounds were detected from the analysis of decomposed pig 
muscle, of which fifteen compm,mds were determined to be associated with 
decomposition based on the datp interpretation criteria. Amino acids are the 
building blocks of muscle tissue and the decomposition products reflect the 
breakdown of these amino acids. The decomposition compounds represent four 
chemical families, alcohols, alqehydes, carboxylic acids, and esters. Six 
compounds detected as breakdovyn products of pig muscle, were also detected 
as decomposition products of pig f{:l.t. 
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Figure 8: Chromatogram of pig muscle, zero days decomposition. 
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Figure 9: Comparison of average peak areas of the compound nonanal over the two 
week decomposition study as a representation of compounds common to the 
decomposition of pig muscle and pig fat. 
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Figure 10: Comparison of average peak areas of the compound non anal over the two 
week decomposition study as detected in pig fat, skin , and muscle. 
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alcohols aldehydes carboxylic acids esters 
pentanol nonanal 2-methyl propanoic sulfuric acid 
acid dimethylester 
2,3-butanediol 3-methyl butanoic 
acid 
2,3-butanediol, 2-methyl butanoic 
[S-(R*, R*)] acid 
2,3-butanediol, butanoic acid 
[R-(R*, R*)] 
heptanol hexanoic acid 
1-hexanol-2-ethyl octanoic acid 
octanol 
Table 6: Fifteen compounds associated with decomposition of pig muscle 
The compounds common to pig fat and muscle likely resulted from the 
breakdown of the intramuscular fat. In figure 6, nonanal is used to represent the 
compounds common to pig fat and pig muscle and their increased detection in 
the decomposition of pig fat. The six compounds are likely byproducts of the 
intramuscular fat tissue rather than muscle tissue. In figure 7, nonanal is used to 
represent the relationship between the common compounds detected from pig 
fat, skin , and muscle, and to highlight the major source of these compounds as 
pig fat. The compounds common to all three tissue types are nonanal, pentanol , 
octanol, heptanol, hexanoic acid, octanoic acid and 2,3-butanediol. 
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The formation of 2,3-butanediol was previously discussed as a byproduct 
of the fermentation of glucose by microbial action. Three isomeric forms of 
2,3-butanediol exist and any two isomers are typically seen as byproducts of 
microbial action.53 
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Figure 11: The stereoisomers of 2,3-butanediol. Image source: Syu, M. J. "Biological Production 
of 2, 3-Butanediol. "Applied Microbiology and Biotechnology 55. 1 (2001 ): 10-18. Print. 
Two isomers were detected as decomposition products of muscle tissue, 
however the probability matches from the NIST library were too similar to 
differentiate between the isomers, therefore all three are included as potential 
byproducts. In figure 9, the average relative abundance of 2,3-Butanediol in pig 
fat, muscle, and skin is compared. Muscle tissue houses glycogen stores which 
serve as a source of glucose for muscle cells. The greater relative abundance of 
2,3-butanediol detected from the decomposition of pig muscle tissue verses pig 
fat and pig skin, is likely related to the availability of the glycogen stores. 
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Sulfur compounds are co111mon volatile organic compounds associated 
with decomposition, and are the r~sult of the microbial breakdown of the amino 
acids methionine and cysteine. 12 The "bloat" stage of decomposition, which is 
characterized by the distension Pc;trticularly of the abdominal tissue, is a result of 
the buildup of hydrogen sulfide, methane, carbon dioxide, ammonia, sulfur 
dioxide, and hydrogen gases pro~uced by anaerobic microorganisms. 16 Sulfuric 
acid dimethylester (dimethyl sulfate) was consistently recovered from the 
decomposition of muscle tissue. 12 
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Propanoic acid and butanoic acid have been reported in the literature to 
be associated with the microbial breakdown of amino acids12 and 1-hexanol-2-
ethyl has been reported as being associated with human decomposition and pig 
decomposition in other research. 10 
3.4. Combined Tissue 
Pig fat, skin and muscle tissue were combined and allowed to decompose 
to determine which compounds would be detected if all tissues were present. 
Fifty-nine compounds were identified from the analysis of the combined pig fat, 
skin, muscle tissues of which twenty-two compounds were determined to be 
associated with decomposition as based on the data interpretation criteria. All 
twenty-two compounds were previously detected from one or more of the 
separate tissues. The data from the seven-day decomposition study of all tissues 
combined is not included in the interpretation of the results. On day six of the 
seven-day decomposition study there was heavy rainfall which collected in 
several of the pint-sized metal cans containing samples. The samples were 
analyzed, however the results were affected by the presence of water. A number 
of anticipated compounds were not detected, and a greater abundance of polar 
compounds were detected. 
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alcohols aldehydes carboxylic acids esters 
pentanol heptanal 2-methyl propanoic sulfuric acid 
acid dimethylester 
1-octen-3-ol 2-heptenal 3-methyl butanoic 
acid 
2,3-butanediol octanal pentanoic acid 
2,3-butanediol , nonanal hexanoic acid 
[S-(R*, R*)] 
2,3-butanediol, 2-decenal heptanoic acid 
[R-(R*,R*)] 
1-hexanol-2-ethyl octanoic acid 
heptanol decanoic acid 
octanol 
2,4-dimethyl 
cyclohexanol 
Table 7: Twenty-two compounds associated with the decomposition of pig fat, skin and 
muscle combined 
4. Temperature Data 
Average daily temperatures were recorded for the duration of the 
decomposition studies. The average temperature over all studies was 2°C 
(36°F) with a maximum of 15°C (59°F) and a minimum of -12oC (1 0°F). It has 
been reported in literature that because of increased salt concentrations in 
tissue, decomposition still occurs when the temperature falls to ooc (32°F), which 
is the freezing point of water. 25 
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Figure 13: Average daily temperatur~s over course of decomposition studies. 
5. Soil Study 
A soil study was conducted to examine if compounds previously 
determined to be associated Vt(ith decomposition could be recovered and 
detected from soil. Clandestine gr~ves are commonly used for the disposal of a 
body. Determining the compounds that are liberated from a body through the soil 
would be useful in understanding the compounds that cadaver dogs are 
detecting. Understanding these compounds would also help in the creation of 
training aids and increasing the reliability of detector dogs. Thirty-six compounds 
were identified in the analysis of decomposing pig tissue in soil , of which fifteen 
were attributed to decomposition based on the data interpretation criteria . All 
fifteen compounds were previously detected as a compound of decomposition in 
one or more of the individual tissu~ types. Any compounds common to the soil 
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blank and decomposed pig tissue were not included in the interpretation of the 
results. 
alcohols aldehydes carboxylic acids 
pentanol hexanal hexanoic acid 
1-octen-3-ol heptanal decanoic acid 
octanol octanal tetradecanoic acid 
1-hexanol-2-ethyl nonanal hexadecanoic acid 
3-methyl butanoic acid 
2-methyl butanoic acid 
2-methyl propanoic acid 
Table 8: Fifteen compounds associated with decomposition of pig tissue as recovered from 
soil. 
Figure 14: Chromatogram of soil and pig tissue, two-week decomposition. 
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Figure 15: Chromatogram of soil blank 
6. Polyethylene Bag and Duct Tape Study 
Forty-one compounds were identified in the analysis of pig tissue 
decomposing within a polyethylene bag sealed with duct tape, of which fifteen 
were associated with decomposition based on the data interpretation criteria. 
Several other compounds were identified in the analysis of the polyethylene bag 
and duct tape blank including n-alkanes, naphthalene compounds, and benzene 
compounds. No compounds previously detected from the decomposition of pig 
tissue were identified in the background substrate. In the analysis of the 
decomposing pig tissue with the polyethylene bag and duct tape, the compounds 
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associated with decomposition were easily identified from the compounds 
associated with the polyethylene bag and duct tape. The relevance of this study 
was to determine if volatile organic compounds that had been previously 
associated with decomposition could be recovered and detected from tissue in 
the presence of a substrate other than soil. In a situation where a body is 
disposed of by wrapping it in plastic or another material such as carpet, it would 
be pertinent to know if detectable volatile organic compounds are being liberated. 
This would aid in the understanding of the compounds cadaver dogs are 
potentially detecting. 
alcohols aldehydes carboxylic acids 
pentanol non anal pentanoic acid 
2,3-butanediol octanoic acid 
2,3-butanediol, decanoic acid 
[S-(R*, R*)] 
2,3-butanediol, tetradecanoic acid 
[R-(R*, R*)] 
1-octen-3-ol hexadecanoic acid 
3-methyl butanoic 
acid 
2-methyl butanoic 
acid 
2-methyl propanoic 
acid 
dodecanoic acid 
Table 9: Fifteen compounds associated with pig decomposition as recovered from a polyethylene 
bag and duct tape matrix 
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Figure 16: Chromatogram of polyethylene bag and duct tap with pig tissue, two week 
decomposition. 
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VI. Discussion and Future Direction 
In this research study ninety-nine compounds were detected from the 
analysis of non-decomposing and decomposing pig tissue, including those 
detected from the study of the soil and polyethylene bag with duct tape 
substrates. The volatile organic compounds identified were researched and were 
compared to compounds reported in several literature sources. Compounds 
reported in this research were also reported in literature of human 
decomposition, living human scent samples, pig decomposition, animal farms 
and swine barn particulate matter, combustion of human and animal fat, and skin 
extractions of white leghorn chickens, to name a few. 3•21•32A0.48 Considering this 
information, the compounds identified are not specific or unique to human 
decomposition. This suggests that it is the combination of compounds emanated 
from decomposing remains and not individual compounds that make 
decomposition odor unique. 
The compounds that were most commonly detected in this research and 
the literature sources were the aldehydes hexanal, heptanal, octanal , nonanal, as 
well as hexanoic acid , furan compounds, particularly 2-pentylfuran , and dimethyl 
disulfide. The presence of volatile aldehydes has already been discussed as a 
byproduct from microbial breakdown of tissues or from the heating of fat tissue 
during the adsorption process. Dimethyl disulfide has also been discussed as a 
byproduct of the microbial breakdown of sulfur containing amino acids. 
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Octanoic acid also known as caprylic acid, is an eight carbon fatty acid 
which is naturally found in the milk of various animals. It is also an antimicrobial 
pesticide used as a food surface contact sanitizer in commercial food handling, 
food processing equipment, and livestock premises.32•52 The detection of octanoic 
acid may be from this exogenous source and not from decomposition since the 
pig tissue was obtained from the local grocer. However octanoic acid has 
previously been identified as a component of decomposition fluid odor and as a 
component of living human scent. Octanoic acid and other organic acids are 
formed by the conversion of glucose monomers from carbohydrates under 
aerobic conditions. 1o 
Furans, particularly 2-pentylfuran, have been reported in several studies 
associated with decomposition, however furans have also been reported as meat 
additives in the chemical manufacturing industries and as feedstock additives. 23• 
27, 32, 41, 48 This may explain their presence in studies of swine barn particulates 
and pig decomposition. For the purposes of this study, furans were not included 
as compounds of decomposition. 
In comparing the compounds detected in this research with current 
research, eighteen compounds were found to be in common to a study 
conducted by E. Hoffman of decomposing human remains.41 However, in the 
Vass et al study in which over four hundred compounds were reportedly 
detected, only five compounds detected in this research were found to be in 
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common to the thirty compounds considered most significant. It is still likely that 
the compounds presented in this research were common to the other four 
hundred plus compounds that were detected but not identified in the article. 
One compound that was detected in this research and reported in several 
other literature sources, including that of Vass et al, is nonanal.23·32·37.4°.41.48 Upon 
researching nonanal it was found that it has been identified as the compound 
which attracts mosquitoes to humans and birds.60 Scientists at the University of 
Davis identified the significance of this compound and they determined that 
nonanal works synergistically with carbon dioxide to increase the mosquitoes 
attraction.60 This lends evidence to the fact that nonanal is a dominant chemical 
in living and deceased human odor. 
In a 2008 study of the odor of human decomposition conducted by Vass et 
al, nonanal was reported to be a compound associated with the odor of human, 
deer, and dog bones.37 The study also reported that nonanal was detected during 
the decomposition process. The conclusion that Vass and colleagues reached 
was that the detection of nonanal indicated that bone odor can contribute to the 
overall decompositional odor. However, nonanal has also been reported in 
studies of swine barn particulate matter, the combustion of human and animal fat, 
pig decomposition, as well as live human scenP· 21 · 32 , 40 
This study utilized heated passive headspace concentration with activated 
carbon strips as the adsorbent material. In researching the compounds that were 
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detected in this study it was found that the act of heating tissue, particularly fat, 
can generate volatile aldehydes. Several aldehydes were recovered from this 
study and it is difficult to say whether they were generated by the act of 
decomposition or by the act of heating the tissue during the adsorption process. 
In the analysis of fresh tissue (no decomposition), there was a higher relative 
abundance of compounds detected compared to days later during the 
decomposition study. If the compounds detected were truly associated with 
tissue decomposition, they would not have been detected in the fresh tissue 
analysis.3,10,21.27,32.41.48 One redeeming factor is that several of the aldehydes 
detected in this study were also reported in literature associated with 
decomposition. The method of heated passive headspace is still feasible for 
certain applications. 
In the analysis of fire debris evidence, the method of heated passive 
headspace concentration with activated carbon adsorption is the method of 
choice. Results from this research study show that the presence of tissue can 
contribute compounds to the analysis of fire debris evidence. The presence of 
toluene, p-xylene, and n-alkanes from the analysis of decomposed tissue as well 
as the combustion of human and animal fat has been reported in the literature.4o 
Future research could study the recovery of ignitable liquid residues from burned 
clothing or burned flesh using the heated passive headspace methodology. This 
would be an interesting area of future study to evaluate the effects of the 
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presence of a body, or soiled clothing on the analysis of fire debris samples for 
the presence of ignitable liquid residues. 
Solid phase microextraction (SPME), which has been employed in 
several research studies since its inception in 1994 is a methodology worth 
examining further. 49 Passively analyzing the headspace without the application of 
heat, as is done in SPME, may eliminate the compounds that were possibly 
generated during the adsorption time in this study. Triple sorbent traps , which 
employ three different types of carbon would also be worth examining. Both 
methods would involve the passive adsorption of volatile organic compounds to 
the adsorbent material and may give a more accurate representation of the 
volatile organic compounds recovered from decomposition. 
The presence or absence of compounds is also dependent on the 
microorganisms present in the body, on the body, and in the environment. There 
are ten times as many microbial cells as there are human cells. Some 
microorganism can cause disease but many are normal flora and are necessary 
for balanced human health. The Human Microbiome Project was launched by the 
National Institute of Health in 2008 to reveal the interactive role 
of microorganism and human health, and to associate the presence or absence 
of microorganisms with diseases or illness. 51 
More than six hundred different species reside in an individual's mouth 
and those species may vary within a single individual and between individuals. 
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The types of microorganisms could have important implications on the health of 
ones mouth.64 
The densest population of microbes resides in the gastrointestinal tract 
containing hundreds of bacterial species. This normal flora helps manufacture 
vitamins, amino acids, extract energy from food and aid in the resistance of 
certain diseases. Research has shown that obese individuals and lean 
individuals have differences in their gastrointestinal tract flora. 62 
The skin is home to a wide array of bacteria, which can vary depending 
upon the location on the body. The health of the skin depends upon the balance 
of the microorganisms present. The microbial communities of the armpit are 
different from those of the forearm because of the oily verses dry environments. 55 
Researchers understand that microorganisms and humans have an 
important relationship . The Human Microbiome Project was created to research 
this important relationship between humans and microorganisms and the 
relationship should not be dismissed upon death. Researchers have shown that 
several microbial species can be associated with humans depending upon 
normal or diseased states.61 Changes in microbial communities present on and 
within the human can be responsible for digestive disorders, skin diseases, oral 
health and obesity. Microorganisms are an overwhelming presence and it has 
been recognized that their byproducts can be found in normal as well as 
diseased human fluids and tissues. 
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This study did corroborate the level of variability associated with 
decomposition and the number of factors that directly affect the compounds 
released. These include, but is not limited to the microorganisms present, air 
temperature , the environment in which the body is, and whether the body .is a 
surface decomposition , burial decomposition, or is wrapped in a material. 
Temperature is a major factor in decomposition because decomposition 
slows drastically in lower temperatures. Arpad Vass states that temperature and 
decomposition are related by Van't Hoff's Law which states that the speed of a 
chemical reaction is increased two times or more by every 1 ooc increase in 
temperature.47 In this research study the average daily temperature was 36°F 
(2°C), with a maximum of 59 oF (15°C) and a minimum of 1 ooF (-12oC). It has 
been determined that decomposition will occur in temperatures as low as 32°F 
(0°C), which means that any time the temperature drops below 32°F (OoC) 
decomposition will cease or be negligible. This research study would suffice as a 
study of the volatile organic compounds released during decomposition in a 
seasonal winter environment, but a study should also be conducted during a 
seasonal summer, spring and fall environment to determine the differences 
between volatile organic compounds released during varying temperatures. It is 
hypothesized that more volatile organic compounds would be generated in a 
shorter number of days with increased temperatures. 
The environment in which the body is found will effect the volatile organic 
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compounds detected. Certain environments contain their own microbial species 
that will contribute to the decomposition and the volatile organic compounds 
liberated. In addition, the microbial communities present in the environment, on 
the body, and in the body may have a symbiotic relationship, or the microbial 
communities may be detrimental to each other. This will alter the volatile organic 
compounds that are produced and recovered. 
A body can be disposed of in a number of ways such as being buried in a 
clandestine grave, or wrapped in a material such as carpet, plastic, or sheets. 
Depending upon the type of material different volatile organic compounds will be 
recovered. Determining the presence of compounds that are associated with 
decomposition on various substrates would be forensically relevant. If there is no 
body present but an investigator wants to show that there was a body in a 
specific location and relocated, one could, in theory, test the substrate by the 
proposed method and determine the presence of compounds consistent with 
human decomposition. In theory a sampling of a substrate could be collected in a 
metal paint can used for evidence collection from a site where a body was 
possibly decomposing along with an uncontaminated substrate sample for 
background comparison and could be analyzed accordingly. A number of future 
studies would need to be conducted to determine that compounds could be 
recovered from substrates if the tissue is removed at a certain point. 
Based on the compounds detected in this study no unique pattern could 
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be associated with the presence or absence of compounds from specific tissues 
or at specific days of decomposition and determining the postmortem interval 
using volatile organic compounds does not seem feasible. This study 
demonstrated that the type of tissue can effect the relative quantity of compound 
detected. Nonanal, for example, was detected in greater relative abundance in 
fat tissue than muscle or skin. 2,3-butanediol was detected in greater relative 
abundance, and more consistently, from muscle tissue, than fat or skin. The 
concept that the volatile organic compounds produced will reflect the ratio of fat 
and muscle in the original body has been hypothesized previously in literature.1 5 
Therefore, an individual with a higher percentage of fat in comparison to an 
individual with a higher percentage of mucle, could theoretically have different 
volatile organic compounds emitted during decomposition. 
Arpad Vass recently had a journal article published in Forensic Science 
International title "The Elusive Postmortem Interval Formula". Vass and 
colleagues, based on research conducted over the past twenty years, attempted 
the development of a postmortem interval (PMI) formula that could be used in the 
early stages of an investigation with minimal lab work. One formula was derived 
for burial decomposition and one was derived for surface decomposition, both 
based on temperature, moisture and the partial pressure of oxygen. As stated in 
the article the two formulas consist of two parts, an estimation of the amount of 
decomposition which has occurred and the calculated effect of the environment 
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on decomposition. 
Formula 1: surface decomposition 
PMJ aerobic = 1285 x decomposition/1 00 
0.0103 x temperature x humidity 
Formula 2: burial decomposition 
PMJ anaerobic = 1285 x decomposition/100 x 4.6 xadipocere 
0.0103 x temperature x soil moisture 
Figure 17: Equations for the postmortem interval calculation as developed by Arpad Vass 
and colleagues. 
In both equations estimation is a factor and the availability of a medical examiner 
or forensic anthropologist is necessary to use the PMI formulas. For both 
equations the decomposition is a single value between one and one hundred 
which best estimates the extent of total body soft tissue decomposition. 
Temperature is the average daily value for the site where the body was found, or 
the average daily values over a period of known time. The value 1285 is a 
constant which represents the number of accumulated degree days (ADD) at 
which point volatile fatty acids are no longer liberated from the body. 
Accumulated degree days are calculated by adding the average daily 
temperature over the period of decomposition. Th is constant value of 1285 was 
obtained in one of the earlier research studies conducted by Vass and 
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colleagues. In this earlier study it was determined according to the authors that 
1285 +/-11 0 days was the maximum time at which a body would be skeletonised , 
however the +/-11 0 days was not included in the PMI formulas. This could lead to 
an additional number of days of decomposition that are unaccounted for. The 
number of unaccounted days depends upon the average daily temperature. The 
constant 0.0103 represents an empirically derived measure of the effect of 
moisture on decomposition rates. 
For the burial decomposition PMI formula, the value plugged into the 
equation for adipocere is an estimated percentage of adipocere formation as 
determined by the expert on hand. The authors have stated that this is the more 
difficult factor to estimate. The value 4.6 is a constant as determined by the 
authors. This constant represents a decrease in the rate of decomposition due to 
the lack of oxygen in anaerobic conditions. 
In another study conducted by Vass and colleagues involving the analysis 
of burial decomposition, a different measure of time was used called burial 
accumulated degree days (BADD). This is calculated in the same fashion as 
accumulated degree days however the average daily temperature is taken from 
inside whatever structure (coffin, soil, plastic, etc) the body is in. In this study by 
Vass and colleagues it was reported that no volatile compounds were recovered 
before seventeen days after burial, with most volatile compounds not being 
detected until almost one month after burial. It was also reported in their study 
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that burial decomposition was much more complex then they originally thought. 
In the two PMI formulas the same measure of time, 1285 accumulated degree 
days, is used for both surface and burial decomposition even though this value 
was only determined for studies of surface decomposition. In the study 
conducted by Vass and colleagues which used burial accumulated degree days 
as the measure of time, BADDs upwards of 5000 were reported , which 
corresponds to 350 days since burial. At 5000 BADDs volatile compounds were 
still being detected by the triple sorbent trap method which their study employed. 
It is worth noting that the study which derived the number 1285 ADDs was 
studying surface decomposition and volatile fatty acids recovered from soil 
solutions, yet the study associated with burial decomposition was analyzing 
volatile organic compounds captured by carbon adsorbents as they were 
liberated from a buried decomposing corpse. The second formula adds a 
corrective factor of 4.6 for the delayed decomposition associated with burials 
however the way the authors determined this number is only explained as being 
determined by comparative experiments over many years . 
The postmortem interval formulas are not corrected for young adults and 
children. Given the differences in anatomy of children verses adults separate 
studies should be conducted to determine how accurate the PMI formulas would 
be. The youngest subject in the studies conducted by Vass and colleagues was 
twenty-seven years old. In the original study which determined 1285 +/- 110 ADD 
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to be the maximum time at which volatile fatty acid production ceased, the 
volatile fatty acid concentrations were corrected to represent a 1501bs individual, 
which is not indicative of a young adult or child of average weight. This exception 
was not mentioned in the journal article on the postmortem interval formulas, 
however it is an important distinction to make. 
The scientific working group on dog and orthogonal detector guidelines 
(SWGDOG) is "aimed at addressing the broadly expressed need to improve 
performance, reliability and courtroom defensibility of detector dog teams". 
Established in 2004, SWGDOG generates best practice guidelines for use in 
training and certification of detector dogs including human remains detector 
dogs. 
In the research and technology guidelines SWGDOG lists a number of 
areas that need further research. Some suggestions include: identification of 
odorant chemicals present in and above targets, evaluation of changes in 
odorant(s) over time and in differing environmental conditions, evaluation of 
optimal storage and handling practices of training aids, development of method 
for monitoring levels of contamination and dissipation of training aids, 
identification of odor chemicals in non-target materials that can potentially trigger 
false alerts, development of a scientifically valid odor list for testing detector 
dogs, effect of containment on odor availability, quantify the influence of 
environmental factors on human scent composition, evaluate which chemicals 
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make human scent unique and the influence of health and genetic factors, 
quantify the amount of human scent required for dogs to trail and identify, and 
evaluate the difference between live and deceased human scent and the timing 
and chemical characteristics of human remains. 
This research study has shown that decomposition can generate several 
different compounds from a number of different chemical classes, which are not 
unique compounds. Considering the compounds detected in this study in 
comparison to the compounds reported in the literature, it is proposed that what 
canines are detecting is more complex than originally thought. Compounds 
identified in this study were also identified in studies involving the analysis of 
volatile organic compounds from living human scent, skin extractions of chickens, 
deceased human scent, and studies of decomposing pigs. Since there is an 
overlap of common compounds in a number of different sources, there must be 
something else that canines are able to use to distinguish between living and 
deceased humans, and between different species. It is hypothesized that there is 
a significant difference in the overall collection of compounds present. Research 
by A. Curran, and K. Furton in the volatile organic compounds of living human 
scent, have demonstrated a notable difference in the qualitative chemical ratios 
patterns that can be used to distinguish between individuals.48 Scientists at the 
University of California Davis have determined that nonanal is the dominant 
volatile organic compound from humans that attracts mosquitoes. 5° The 
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significance of these two studies is that there is a general scent to humans, but 
there is also a specific scent to humans. This information has relevance in the 
field of cadaver dogs because dogs could potentially be trained using the 
"general odor" for detection of humans in mass disaster situations or in cadaver 
detection, but can also be used to search for specific individuals when presented 
with an individuals scent. With further research a list of compounds that are 
consistently seen as exclusive to living and deceased humans may be 
generated. 
The studies on the liberation of compounds through the soil and 
polyethylene matrices show promise for studying the effect of containment on 
odor availability, one of the research goals of SWGDOG. The studies should be 
conducted again using a method that does not employ heat, such as SPME or a 
passive carbon adsorption, to correct for any compounds that may be produced 
from the act of heating tissue. The recovery of compounds associated with 
decomposed tissue from both substrates, soil and polyethylene and duct tape 
shows that certain compounds are able to be detected through various 
substrates. Future studies should be conducted to show the difference between 
compounds liberated through substrates, and compounds liberated freely from 
decomposed tissue. 
As indicated in the SWGDOG best practice guideline for training aids 
human remains should be used yet there are ethical issues surrounding the 
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procurement of and utilization of human tissue. Therefore these training aids may 
not be available to all trainers as well as all researchers. When studying the 
decomposition of humans, human tissue is always going to be more accurate 
than using a pig surrogate, no matter how anatomically or physiologically similar 
they may be. 
The advantage to the research of Arpad Vass and colleagues is the use of 
the University of Tennessee's Department of Anthropology Anthropological 
Research Facility which allows for the studying of humans as they decompose 
instead of having to use a surrogate model such as a pig. This proves to be a 
disadvantage to other researchers because all research into volatile organic 
compounds conducted using pigs as human models will never replace research 
using an actual human cadaver. In the training of cadaver dogs it has been 
shown that dogs can differentiate between humans and pigs, therefore humans 
are the best sample types when determining volatile organic compounds 
associated with decomposition. 
This study was a building block for several other possible studies. Since 
there are numerous variables associated with decomposition there are several 
studies that could be conducted to mimic a number of decomposition scenarios. 
During the course of this research there were days in which unavoidable rainfall 
left some of the samples submerged in water. The samples were analyzed, but 
the results clearly showed a difference in the volatile organic compounds 
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recovered and identified. This is a potential future study that could be conducted 
to determine the effect of weather conditions on the volatile organic compounds 
produced . 
Another concept that could be examined is the recovery of volatile organic 
compounds from various substrates. The preliminary studies using soil and 
polyethylene bags and duct tape gave promise that volatile organic compounds 
associated with decomposition could be detected through substrate interference. 
Different substrates such as carpet, soil, plastic, and linoleum could be examined 
by allowing tissue to decompose on the substrate, then removing the tissue and 
analyzing the substrate for the presence of volatile organic compounds 
associated with the tissue. A study into a longer period of decomposition could 
also be conducted to determine a pattern of volatile organic compounds. 
In the future a collaboration with the forensic anthropology program 
involving the potential procurement of human tissue would be a worthwhile 
undertaking. In the meantime this research could be expanded to a larger study 
in connection with the forensic anthropology program to examine the volatile 
organic compounds from whole decomposing pigs. 
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